The essential oil was obtained from the roots of Anemone rivularis by hydro-distillation, which was analyzed by gas chromatography-mass spectrometry (GC-MS) and evaluated for antimicrobial activity and antioxidant activity. Nineteen compounds were identified, representing 96.1% of the total oil. The major constituents were acetophenone (55.9%), 3-ethyl-2-methyl-hexane (16.2%), 5,6-dimethyl-decane (5.9%) and 4,5-diethyl-octane (4.4%). The oil was tested against 4 bacteria at different concentrations using disc diffusion and 96-well dilution methods. The inhibition zones at 100 µg/disc and minimum inhibitory concentration values for bacterial strains were in the range of 11.0 to 20.0 mm and 125 to 250 µg/ml, respectively. The in vitro antioxidant activity was assessed by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and inhibition of lipid peroxidation methods. The oil showed a potent free radical scavenging activity, as evidenced by the low IC 50 value for DPPH radical (265.8 µg/ml) and inhibition of lipid peroxidation (induced by FeSO 4 , H 2 O 2 and CCl 4 ) with IC 50 values of 158.8, 125.5 and 325.6 µg/ml, respectively.
INTRODUCTION
Anemone rivularis, a herbage widely distributed in the northwest of China, Russia (Far East), Japan and Korea, is used for the treatment of curing rheumatism and neuralgia in traditional Chinese medicine (Wang et al., 1985) . The genus Anemone has proved to be an especially valuable source of diverse saponin substances with potentially useful biological properties. More than twenty triterpenoid saponins, which revealed antitumor, antiinflammation, demulcent, anti-eclampsia or phenobarbital activities, have been reported from the titled plant (Borchardt et al., 2008; Deng et al .,2009; Lu et al., 2001 Lu et al., , 2009a Lu et al., , 2009b Fu et al., 2008; Sun et al., 2008 Sun et al., , 2009 . But there are no reports on the chemical composition of the essential oil of A. rivularis. In this paper, we report the chemical composition of the essential oil isolated from the roots and its in vitro antibacterial and antioxidant activities.
fused silica capillary column (30 m × 0.25 mm, film thickness 0.25 µm). For gas chromatography-mass spectrometry (GC-MS) detection, an electron ionization system with ionization energy of 70 eV was used. The carrier gas was helium at a flow rate of 0.8 ml/min. Injector and MS transfer line temperatures were set at 250 and 230°C, respectively. The oven temperature was main tained at 80°C for 3 min and then programmed to 280°C at 10°C/m in and held for 30 min at 280°C. Diluted samples (1/100, v/ v, in n-hexane) of 1.0 µl were injected manually in the split less mode.
Identification of individual compounds was based on comparison of their retention indices (RI) and mass fragmentation patterns with those on the stored NIST2001 mass spectral library. The relative proportions of the essential oil constituents were expressed as percentages obtained by peak area normalization, all relative response factors being taken as one.
Antimicrobial activity
The in vitro antibacterial activity of the essential oil was evaluated against 4 pathogenic microorganisms which includes. 3 Gramnegative: B. cereus 1.1846, B. subtilus 1.88, and P. aeruginosa 1.2031, and one Gram-positive: S.aureus 1.89 procured from CGMCC (General Microbiological Culture Collection Center, Beijing, China). All the strains were maintained on nutrient agar at 4°C and subcultured every month. Mueller Hinton broth (MHB) (Hangzhou Microbial Reagent Co. Ltd, Hangzhou, China) was used for antimicrobial assays. Antibacterial activity of the essential oil was tested by the paper disc diffusion method, according to the slightly modified National Committee for Clinical Laboratory Standards Guidelines. The tested bacteria were incubated in the MHB for 12 h at 30°C at 190 rpm, and the spore concentration was d iluted to approximately 2.0 × 10 6 colony forming units (CFU/ml) with MHB. 100 µl of suspension of the tested microorganisms was used for inoculating the plates. A test oil solution was prepared in dimethyl sulfoxide (DMSO) (Merck) -water solution (1%, v/v) and loaded (10 µl) onto sterile filter paper discs (6 mm diameter, Hangzhou Xinhua paper Industry Co. Ltd, China), which finally contained 12.5 to 100 µg of sample per disc. DMSO-water solution (1%, v/v) was used as a control. Impregnated discs were then placed onto inoculated plates.
The seeded plates were incubated at 37°C for 24 h. Th e diameters of the inhibition zones were measured in mm. The inhibition zones were compared with those of reference discs. Streptomycin was used as a reference. The experiments were repeated in triplicate and the results were expressed as average values (Naik et al., 2010) .
Minimum inhibitory concentration
The minimum inhibitory concentration (MIC) of the oil was determined by a dilution method in 96-well culture plates using MHB, according to the Standard of National Committee for Clinical Laboratory. The oil was two-fold serially diluted with DMSO-water solution (1%, v/v) to obtain concentrations from 10 to 0.625 mg/ml. 10 µl of the serially diluted essential oil was added to 80 µl nutrient broth in each well. 10 µl of 10 6 bacterial suspensions were added to the well. The 96-well culture plates were incubated at 37°C for 24 h. The lowest concentrations of the essential oil that inhibited the bacterial growth after 24 h were recorded as the minimal inhibitory concentration (MIC). In order to ensure that the solvent had no effect on bacterial growth, a control test was also performed containing broth supplemented with DMSO-water solution (1%, v/v) at the same dilution as that used in the assay. Each experiment was performed in triplicate (Bozin et al., 2006; Yamaguchi et al., 1998) .
DPPH radical scavenging assay
The antioxidant activity was determined by a modification of the 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging method (Li and Wang, 2008) . Each sample (20 µl) was mixed with 900 µl of 100 mM Tris-HCl buffer (pH 7.4) and added to a mixture of 30 µl of ethanol and 50 µl of 0.5% (w/w) Tween 80 solution. This mixture was then added to 1 ml of 0.5 mM DPPH in ethanol (250 µM in the reaction mixture). Tween 80 was used as an oil-in-water emulsifier. The mixture was shaken with a mechanical shaker and left to stand for 30 min at room temperature in the dark. DPPH is a stable free radical and has a dark violet color. The absorbance was measured at 517 nm against the corresponding blank. The synthetic antioxidant reagent 2-(1,1-Dimethylethyl)-1,4-benzenediol (TBHQ) was used as a positive control and all tests were carried out in triplicate.
Lipid peroxidation inhibition (LPO)
Two adult Sprague Dawley male rats were fasted overnight and sacrificed by cervical dislocation, dissected and the abdominal cavity perfused with 0.9% saline. Whole liver was removed and a weighed amount processed to obtain a 10% homogenate in cold phosphate buffered saline (pH 7.4). The degree of lipid peroxidation was assayed by estimating the thiobarbituric acid reactive substances (Yamini and Anand, 2009 ).
LPO induced in FeSO4 system
LPO was induced by addition of 100 µl of 0.5 mM FeSO4 in the reaction mixture containing 400 mg of the chopped liver tissues in 3.9 ml PBS, and one of the concentrations (78.2, 156.3, 312.5, 625 and 1250 µg/ml) of A. rivularis essential oil dissolved in DW. After incubating at 37°C for 2 h, homogenate of cho pped liver was centrifuged at 1200 g and the supernatant was used to measure LPO by the thiobarbituric acid (TBA) reaction method, as mentioned earlier. A control set was run in which all materials other than either FeSO4 or essential oils were added. Five concentrations (2.5, 5, 10, 20 and 40 µg/ml of final volume) of TBHQ were used as a standard antioxidant for comparison.
LPO induced in H2O2 and CCl4
A somewhat similar procedure to that aforementioned was repeated with H2O2 and CCl4. In the H2O2 system, the reaction mixture contained 400 mg of the chopped liver tissues in 3.9 ml of PBS, 100 µl of 800 mM H2O2 and the test essential oils in 1 of the 5 concentrations (78.2, 156.3, 312.5, 625.0 and 1250.0 µg/ml, in triplicate). The mixture was incubated at 37°C for 2 h. Following the addition of trichloroacetic acid (TCA) and TBA, the optical density (OD) was measured at 532 nm. In the case of the CCl4 system, the reaction mixture also contained 400 mg of the chopped liver tissues in 3.9 ml of PBS, 100 µl CCl4 (1:4 in DMSO, v/v) and the test A. rivularis essential oil of equivalent concentration. Following the incubation at 37°C and the addition of TCA and TBA, OD was measured at 532 nm. The observed effects were compared with TBHQ.
Statistical analysis
Data are expressed as mean ± SE. Statistical analysis utilized analysis of variance (ANOVA) followed by student's t-test; P values of 5% and less were considered to be significant. Correlation between antioxidant activities was carried out using correlation and 
RESULTS AND DISCUSSION

Chemical composition of the essential oil
The results of the GC-MS analysis of A. rivularis roots oil are given in Table 1 . Nineteen constituents comprising 96.1% of the total oil were identified. The oil contained three monoterpenoids (3.6%), ten aliphatic compounds (34.5%) and six benzene derivatives (58.0%). The major components of the oil were acetophenone (55.9%), 3-ethyl-2-methyl-hexane (16.2%), 5,6-dimethyl-decane (5.9%) and 4,5-diethyl-octane (4.4%). Nine components of the oil were present in amounts of less than 1% .This is the first time that the essential oil from the roots of A. rivularis has been isolated and analyzed by GC-MS. The composition of this root oil is in sharp contrast to those from roots of other Anemone species, which are rich in benzaldehyde, benzyl alcohol, α-terpineol, 4-methylbenzoic acid, 2-methyl hexadecane, palmitic acid, linoleic acid and oleic acid (Zhou et al., 2007) ; transcaryophyllene oxide (Li and Wang, 2008) ; pentadecane, tridecane and undecane (Feng, 1998) or α-cadibene and aromadendren (Sun et al., 2009 ). However, these components were either absent or present in small amounts in A. rivularis essential oil.
Acetophenone, the main component of the oil of A. rivularis, is also characteristic of the oils of Pogostemon heyneanus (51.0%) (Murugan et al., 2010) , Centaurea tchihatcheffii (6.2%) (Altintas et al., 2010) , and Brazilian propolis (12.3%) (Oliveira et al., 2010) . But in the essential oil of Altaica rhizome , Anemone altaica (Feng, 1998) and Anemone raddeana (Sun et al., 2009; Zhou, et al., 2007) , was not presented, this may be the differences with other Anemone specifics.
Antibacterial activity of essential oil
The antibacterial activity results for the essential oil of A. rivularis oil are tabulated in Table 2 . The oil exhibited activity at 25 to 100 µg/disc against the test microorganisms, the inhibition zones of 100 µg, were 11.0 ± 0.5 to 20.0± 0.4 mm against 4 bacteria. The activities of the oil against Bacillus cereus 1.1846, B. subtilus1.88, S. aureus 1.89, and P. aeruginosa 1.2031 were less than that of the standard antibiotic streptomycin. The most susceptible bacterium was B. subtilus 1.88, and the most resistant was P. aeruginosa. The minimum inhibitory concentrations of the essential oil ranged from 125 to 250 µg/ml ( Table 2 ). The higher concentration was needed for the bacteriostatic action against S. aureus 1.89. The antibacterial activity of the essential oil can probably be attributed to the presence of acetophenone, benzyl alcohol, 3-BHA and patchouli alcohol. It has been reported earlier that these compounds destroy the cellular integrity by inhibiting the respiration process in the microbial cell (Helander et al., 1998) . However, the antibacterial activity of the essential oil may also be correlated to synergistic effects of all the chemical components present in the oil. , and 325.6 ± 35.0 µg/ml (induced by CCl 4 ), respectively, which are lower than those of the antioxidant TBHQ 6.5 ± 1.1 µg/ml (induced by FeSO 4 ), 16.5 ± 4.5 µg/ml (induced by H 2 O 2 ), and 19.2 ± 5.8 µg/ml (induced by CCl 4 ), respectively. These results indicate weak antioxidant activity. In general, the results from the present study reveal that the essential oil of A. rivularis has antibacterial activity and antioxidant activity, which substantiates its traditional use for the treatment of rheumatism, the common cold with fever, and other chills and fevers.
